A continuous growth apparatus was used to measure the effect of cytokinin on auxin-induced elongation. The soybean hypocotyl segments elicited a biphasic response to auxin that appeared to be two overlapping responses. The first response, which began 12 min after auxin addition, was not inhibited by cytokinin, even after long preincubation in cytokinin, but the second response to auxin, which began about 30 min after auxin addition, was completely inhibited by cytokinin. Such overlapping reactions are shown, depending on the amount of overlap, to yield a variety of summation reactions, many of which resemble rate-time curves that have been previously reported. We have shown that the transient first phase of auxin-induced elongation is very similar to acid-activated growth, while the second phase is long lasting and very likely identical to the long-term response to auxin, as extensively studied in Avena, soybean, and other elongating cells.
Mediation of auxin-induced cell elongation by gene activation has not been proven (1, 2) ; indeed, the rapid response of stem, hypocotyl, and coleoptile cells to auxin is frequently cited as evidence that gene activation is not involved (2) . While metabolic inhibitors such as cycloheximide and actinomycin have been frequently used (1, 2) , only rarely has cytokinin, a natural inhibitor of auxin-induced elongation (3) , been used to study this problem.
Cytokinin inhibits auxin-promoted cell elongation in stems and hypocotyls of dicotyl plants (3) (4) (5) (6) (7) (8) (9) (10) . Contrary to one report (11) , the inhibition is not the secondary effect of auxininduced ethylene production (10, 12) . It has been frequently suggested (e.g., ref. 8) that cytokinin "reorients" cell growth, since radial enlargement often occurs simultaneous to inhibition of elongation in the presence of auxin plus cytokinin.
There are no definitive data to prove this hypothesis. In fact, at high cytokinin concentrations both auxin-stimulated elongation and radial enlargement are inhibited (13) . Radial enlargement may be only a secondary effect of inhibited elongation since, in fact, mechanically inhibited elongation causes radial enlargement (Vanderhoef, unpublished data) .
Until more data are available, then, cytokinin can be regarded as a natural inhibitor of auxin-promoted cell elongation. It is as potent as the metabolic inhibitors actinomycipi D and cycloheximide (10) . Experiments that have established cytokinin as an inhibitor of auxin-promoted elongation have measured growth over 3-24 hr. They have not reported the effect of cytokinin on the rapid response of elongating cells to auxin. In the experiments to make this determination, we have established that there are very likely two overlapping responses to auxin, with only the second response (but not the first "fast" response) being inhibited by cytokinin.
MATERIALS AND METHODS
Soybean seedlings (Glycine max L. Merr. var. Wayne) were germinated in the dark; and the elongating segment of the hypocotyl was excised as described (10) except that all procedures were performed under green light (460-590 nm) at 300.
Hypocotyl extension was continuously measured with a linear transducer. The apparatus was modified after that reported by Green and Cummins (14) .
To facilitate clamping of the segment in the growth chamber, a 2 cm section, which included the 1 cm elongating section directly below the hypocotyl hook plus a centimeter of tissue basal to it, was excised from a 3-day-old etiolated soybean seedling. The basal centimeter was used to attach the segment to the growth chamber. For each growth measurement, five segments were cut into 20 Table 1 , were normalized about the minimum rate, which occurred about 50 min after auxin addition. Assuming the first peak to be symmetrical, a line was drawn (@---0) on the descending side of the peak with the same slope as the ascending side. Thus obtained, the first reaction was subtracted from the total curve (I ) to give the first 20 min of the second reaction (0---0). min. Growth rates were calculated from the growth curve for each 2.5 min interval.
RESULTS
The elongating section of the soybean hypocotyl, after depletion of endogenous auxin during the 1 hr preincubation period, elongated at a rate of about 0.18 mm/hr ( Fig. 1 , a representative experiment). These segments responded almost immediately to the change to the auxin solution by briefly slowing their elongation rate to 0.1 mm/hr ( Fig. 1 and Table 1 ). This was not an auxin effect, since replacing the first medium with an identical solution had a similar effect (Fig. 1 ). An auxininduced rate of elongation was first detectable by 11.8 min after auxin addition, with the maximum rate (0.56 mm/hr) achieved after 28.5 min (Table 1) ; after a decrease in the rate to a-minimum (0.22 mm/hr) at 50 min, the second maximum rate (0.52 mm/hr) was attained by 71 min after the change to the auxin solution ( Table 1) .
The two peaks of maximum elongation, separated by a minimum rate, suggested two overlapping reactions. If the data of the seven experiments summarized in Table 1 were normalized about the time of the minimum rate of elongation (Fig. 2) , this possibility of overlapping reactions became more apparent. Assuming that the growth curve does represent two overlapping reactions, and that the first peak of growth is reasonably symmetrical, it could be determined (by subtract- ing the first peak of growth from the total curve) that the second reaction began 35-45 min after auxin application (Fig.  2) .
As stated above, cytokinin is a potent inhibitor of auxininduced elongation. Cytokinin did not, however, inhibit the auxin-induced "fast response" in the elongating cells of soybean hypocotyl (Fig. 3) . The fast response in the presence of auxin plus cytokinin was slightly different from the fast response in the presence of auxin alone. The latent period was shorter (7.5 min compared to 11.8 min, Tables 1 and 2) , and the maximum rate of elongation during this first response was greater (0.71 mm/hr compared to 0.56 mm/hr, see Tables 1  and 2 ). The greatest difference between the two treatments, however, was that the second response did not occur in the presence of cytokinin (Fig. 3) . The inhibition by cytokinin of auxin-induced elongation, as measured in long-term experiments (e.g., 4-24 hr, see ref. 10 and references therein), occurs because this second response to auxin does not occur. In addition to identifying the earliest effect of cytokinin on auxininduced growth, these data suggest that there are, indeed, two separable responses to auxin.
The first response to auxin, which is not inhibited by cytokinin, looked very much like the response of elongating cells to an increase in proton concentration. As is true for the response of auxin in the presence of cytokinin, elongating cells that are treated with high proton concentrations showed only the first response (Fig. 4) . Rayle (15) for Avena coleoptile that, indeed, ". treatment with H + ions mimics only a portion of the auxin-induced growth response," and that the high proton concentrations are apparently not toxic, even in 7 hr experiments. Similarly, soybean hypocotyls were not damaged, with respect to their ability to respond to auxin, after 4 hr at pH 4.0 (Table 3) . The "acid response" (Fig. 4) (20) reported the complete elimination of the lag period, other workers (21, 22) , using the same conditions, found they could not decrease the lag period to less than 7 min. The biphasic response (Fig. 1 ) has been reported (e.g., refs. 17, [21] [22] [23] [24] [25] . While an explanation for these kinetics is not yet available, the use of a computer-simulated model, which used multicompartment analysis (26) , has shed light on the many factors that must be considered in achieving such an explanation.
The differential effect of cytokinin (compare Figs. 1 and 3) on the biphasic response to auxin, and the similarity of the acid (29, 30) , and later proposed for elongating cells by and Key and coworkers (34, 35) . It is now apparent, since there appear to be separable responses to auxin by elongating cells, that it is necessary that the effects of auxins, auxin inhibitors, etc., on both reactions be assessed when evaluating experimental data that are to be applied to the construction of hypotheses.
The biphasic response to auxin, while common, has not always been reported. If it does not occur in all cases of auxininduced elongation, the possibility of its relevance to the mode of action of auxin is diminished. However, there are at least two reasons why this biphasic response may be over- (Fig. 5) . In fact, actual growth curves that look like the constructions of Fig. 5 have been frequently reported (17, (21) (22) (23) (24) (25) (26) (27) (28) .
These experiments, where the growth curves support the hypothesis that there are two overlapping reactions to auxin, have usually been done with dicotyls (24) (25) (26) (27) (28) . However, monocotyls show these nonlinear growth kinetics as well (17, (21) (22) (23) .
It is easily conceivable that elongation of plant cell walls could be regulated by separable mechanisms. For example, the activity or availability of a required enzyme, on the one hand, and wall precursor availability on the other hand, could independently regulate elongation. However, whether or not the transient first response to exogenous auxin is a natural occurrence remains to be determined.
Early work implicated RNA and protein synthesis in auxin action (29, 30) . While gene activation by auxin has certainly not been proven (1, 2, 35) , it is the important conclusion from the data and discussion presented here that neither is it disproven by experiments that describe the fast response to auxin.
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